Following the procedure proposed recently by Martin and Brandenberger we investigate the spectrum of the cosmological perturbations in the case when the "trans-Plackian" dispersion relations are derived from the quantum κ-Poincaré algebra. We find that depending on the choice of initial conditions of the perturbations, the spectrum is either n 3 P ∼ 1 n for initial conditions minimizing energy density, or the flat one n 3 P ∼ n 0 for instantaneous Minkowski vacuum. This latter spectrum leads to the observed scale-invariant Harrison-Zel'dovich spectrum in the Friedmann epoch.
In the recent years a growing mass of evidence appeared, indicating that on short (trans-Planckian) scale the usual space-time symmetries are drastically modified, eg., by existence of a fundamental length scale (see e.g. [1, 2] ). Some time ago Lukierski, Nowicki, Ruegg, and Tolstoy [3] using formalism of quantum algebras derived a quantum deformation of the Poincaré algebra, which is a high energy extension of the standard low-energy Poincaré algebra. This algebra, called κ-Poincaré algebra includes the parameter κ of dimension of (inverse) length, usually identified with the Planck length. The algebra (in the so-called bicrossproduct basis) [4, 5] ) takes the form:
where P µ = (P i , P 0 ) are space and time components of four-momentum, and M µν are modified Lorentz generators with rotations M k = 1 2 ǫ ijk M ij , and boosts N i = M 0i . It can be readily found that the first Casimir of this algebra, defining the mass-shell is of the form
There exists also a slightly different realization of the quantum Poincaré algebra (which, incidentally, was the original one presented in [3] ), for whose the Casimir takes the form (the relations between these two bases can be found e.g., in [6] )
1 There exists another realization of this quantum algebra, with slightly different coproduct, for whose the first Casimir is of the form C
and the dispersion relation (k) 2 e +ω/κ − 2κ sinh ω 2κ 2 = 0. This case differs from the cases considered in this papers by the fact that there is a cut-off for three-momentum: k → κ when ω → ∞. For this reason we will consider this case in a separate paper.
In the case of massless scalar field Casimirs (2, 3) lead to two dispersion relations
for the bicrossproduct basis, and
for the standard one. Below we will be interested in dispersion relations for large k. They have a form
for standard basis (6) Since the parameter κ is assumed to be of order of Planck length, for a long time the κ-Poincaré algebra remained a nice mathematical construction without any direct, testable physical applications and consequences (see however [7] ). Recently however some areas have been identified, where the behavior of matter at very high, "trans-Planckian" frequencies has a direct, low energy consequences. One of these areas is the black hole physics. The question whether modified high frequency behavior has an effect on Hawking radiation and Hawking-Beckenstein entropy formula has been considered (in the context of sonic black holes) by Unruh [8] , Corley and Jacobson, and others [9] (for recent review see [10] ). These authors proposed a rather ad hoc dispersion relations, to wit
and
where we again denoted by κ the characteristic length.
In the recent paper Martin and Branderberger [11] considered another setting in which there is a direct relation between trans-Planckian physics and low energy phenomenology. Namely, they considered quantum fluctuations during inflationary stage, giving rise to large scale formation in the Friedmann universe. These fluctuations are enormously red shifted in the course of inflation, and thus the wavelengths of the modes that correspond to the present large scale structure were, at the initial time, well in the realm of the trans-Planckian physics. It follows that it is justified to ask, to what extend the modified dispersion relations have their imprints on the present day large scale structure of the universe. Since we know that in order to agree with observations, the spectrum of fluctuations should be (almost) flat, this setting is perfect to test validity of modified dispersion relations, derived by other means. One should stress at this point that the relations (3, 4) we are to investigate in this paper are derived from considerations, having root in some fundamental physics (in the case at hands, from quantum groups).
To set the stage let us recall some fundamental facts concerning early cosmology and large scale structure formation. We consider spatially flat Friedmann universe with the conformally flat line element
The conformal time η is related to the cosmic time t by relation dt = a(η)dη; in particular the De-Sitter universe corresponds to a(η) = l H /η. To compute power spectra of observable quantities in the standard case (i.e., with unmodified dispersion relations) one considers equation of evolution of modes of Fourier components of massless scalar field µ n
where prime denotes derivative with respect to conformal time η. When the wavelength of fluctuations is much longer than the characteristic cosmological scale, the Hubble radius, λ(η) ≡ a(η)2π/n ≫ l H , so that the first term in the parenthesis is small compared to a ′′ /a, the solution of this equation is µ n (η) = C(n)a(η). One can then calculate the resulting spectra, to obtain
The observed, flat, scale invariant spectrum corresponds to the case when C(n) ∼ n 3/2 . Equation (10) corresponds to the standard dispersion relation
In the case of modified dispersion relation
Therefore the equation we are to consider is
This equation should be appended by initial conditions at for µ n and µ ′ n . In this paper we will consider two natural sets of initial conditions: the "minimal energy condition" of [11] ,
and the free conditions, corresponding to the standard vacuum
Observe that in the case of standard dispersion relation, Υ 2 = n 2 these initial condition are identical.
Our goal would be therefore to solve eq. (13) with initial conditions (14, 15) and by making use of expression (11) to find the power spectrum of cosmological perturbation. We will consider three regimes: (I) when modifications of dispersion relations are relevant and Υ term dominates in eq. (13); (II) when the perturbation is large as compared to the scale defined by κ but still smaller than cosmological horizon, in which case we have to do with standard dispersion relation and
and (III) when the fluctuation gets frozen and the solution is given by
Let us turn to the dispersion relation (6) which is valid in regime (I)
where the parameter p = 1 for the standard basis and p = 2 for the bicrossproduct one. In this regime, assuming a(η) = l H /η eq. (13) takes the form
To solve this equation we make use of the fact that for equation µ ′′ + k 2 (η)µ the solution is of the approximate form µ = exp(±i k(η)dη). We have therefore µ
where we denoted ǫ = κl H . Using the initial conditions (14, 15) at the time η = η i we find
with the solution, depending on sign on the right hand side in (23)
Now we turn to regime (II), and we have to match above solution with µ (II) n = B 1 e inη + B 2 e −inη at η = η 1 . Before doing that, let us pause for a moment to find the characteristic value of the conformal time η 1 . It corresponds to the moment when the wavelength of the perturbation equals the characteristic length κ −1 . Thus
Solving for the coefficients B and using eq. (28), we get
The coefficient C governing the behaviour in the regime (III) can be easily found by matching the mode function µ n when the appropriate mode crosses the cosmological horizon at the conformal time η 2
One gets
Plugging this into the previous results we find that in both cases
multiplied by sin / cos( 1 2 pǫ log 2 (nη i /ǫ)). We see therefore that dispersion relation of κ-Poincaré algebra does not lead to the flat spectrum of cosmological perturbations but to the spectrum
modified by very slowly varying logarithmic function. This discrepancy does not disappear even if we make use of the fact that the parameter ǫ is very small ǫ ≪ 1. Let us now turn to the instantaneous Minkowski vacuum initial conditions (16). In this case we get 
Plugging these expressions into eq. (32) and making use of the fact that ǫ ≪ 1 in the exponent is multiplied by very slowly varying function of n we see that the terms proportional to √ n cancel in the sum A (±) 1 + A
2 , and we are left with the terms with leading n behaviour of the form 1/ √ n. We see therefore that we recover the flat spectrum, independently of the value of the parameter p. C ∼ n 3/2 .
